Background: Whether the risk of cancer is increased among patients with herpes zoster is unclear. We investigated the risk of cancer among patients with herpes zoster using a nationwide health registry in Taiwan. 
H erpes zoster, or shingles, is caused by reactivation of the varicella-zoster virus, a member of the Herpesviridae family. Established risk factors for herpes zoster include older age, chronic kidney disease, malignant disease and immunocompromised conditions (e.g., those experienced by patients with AIDS, transplant recipients, and those taking immunosuppressive medication because of autoimmune diseases). [1] [2] [3] [4] [5] Herpes zoster occurs more frequently among patients with cancer than among those without cancer; 6, 7 however the relation between herpes zoster and risk of subsequent cancer is not well established.
In 1955, Wyburn-Mason and colleagues reported several cases of skin cancer that arose from the healed lesions of herpes zoster. 8 In 1972, a retrospective cohort study and a case series reported a higher prevalence of herpes zoster among patients with cancer, especially hematological cancer; 6, 7 however, they did not investigate whether herpes zoster was a risk factor for cancer. In 1982, Ragozzino and colleagues found no increased incidence of cancer (including hematologic malignancy) among patients with herpes zoster. 9 There have been reports of significantly increased risk of some subtypes of cancer among patients aged more than 65 years with herpes zoster 10 and among those admitted to hospital because of herpes zoster. 11 Although these studies have suggested an association between herpes zoster and subsequent cancer, their results might not be generalizable because of differences in the severity of herpes zoster in the enrolled patients.
Whether the risk of cancer is increased after herpes zoster remains controversial. The published studies [8] [9] [10] [11] were nearly all conducted in western countries, and data focusing on Asian populations are lacking. 12 The results from western countries may not be directly generalizable to other ethnic groups because of differences in cancer types and profiles. Recently, a study reported that herpes zoster ophthalmicus may be a marker of increased risk of cancer in the following year. 13 In the present study, we investigated the incidence rate ratio of cancer, including specific types of cancer, after diagnosis of herpes zoster.
Methods

Data sources
We used data from the National Health Insurance Research Database released by the National
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Health Research Institute in Taiwan. The National Health Insurance program finances health care for 99% of all of residents of Taiwan (> 25 million enrollees). This database includes comprehensive information about insured people, including demographic data, dates of clinical visits, diagnostic codes, details of prescriptions, expenditure levels and dates of enrolment and withdrawal between January 1996 and December 2008. Using a systematic sampling method for research purposes, the National Health Research Institute randomly sampled a representative database of 1 000 000 patients enrolled in the National Health Insurance program in the year 2000. There were no statistically significant differences in age, sex or health care costs between the sampled group and all enrollees, as reported by the National Health Research Institute. 14 To help ensure the precision of the claims data, the Bureau of National Health Insurance performs quarterly expert reviews on random samples of every 50-100 ambulatory and inpatient claims for each hospital and clinic. The claims data are generally accurate and have been extensively used in epidemiologic studies published in peer-reviewed journals. [15] [16] [17] [18] [19] The International Classification of Diseases 9th revision (ICD-9) codes were used during the study period. Personal information, including family history of cancer, lifestyle factors and habits (e.g., smoking, alcohol use), were not available from the National Health Insurance Research Database. The dataset used in this study consists of de-identified secondary data released to the public for research purposes.
This study was approved by the institutional review board of Taipei Veterans General Hospital.
Study population
We conducted a retrospective cohort study from Jan. 1, 1996 1, , to Dec. 31, 2008 . Patients who were admitted to hospital or visited an ambulatory care clinic with a primary diagnosis of herpes zoster (ICD-9 clinical modification [ICD-9-CM] codes 053-053.9) for the first time between Jan. 1, 2000, and Dec. 31, 2008, were included. We excluded patients with a diagnosis of herpes zoster between Jan. 1, 1996, and Dec. 31, 1999.
We identified 41 888 patients with newly diagnosed herpes zoster infection during the study period. We excluded patients under the age of 20 years (n = 4626) or with cancer before the diagnosis of herpes zoster (n = 1391). The final cohort included 35 871 patients.
Identification of cancer cases
Each patient in the study was tracked through the National Health Insurance Research Database from the diagnosis of herpes zoster to identify whether the patient received a cancer diagnosis. We identified cancer diagnoses using records from the Catastrophic Illness Patient Database, a subset of the National Health Insurance Research Database. In Taiwan, patients with cancer apply for a catastrophic illness certificate so that they do not have to pay any out-of-pocket expenses for their cancer evaluation and care. The application requires histologic confirmation and supporting evidence, such as additional laboratory and imaging studies, including tumour marker surveys, radiographs, bone scans, computed tomography or magnetic resonance imaging. Applications are formally reviewed and approved by the Bureau of National Health Insurance. Only patients who meet the diagnostic criteria are issued a certificate. The diagnostic codes of malignancies were defined as ICD-9-CM 140-208. All cancer patients were also enrolled in the Taiwan Cancer Registry.
Statistical analysis
All enrolled patients were followed until a diagnosis of cancer, death, dropout from the National Health Insurance program or the end of 2008. We estimated the risk of cancer among the study cohort using standardized incidence ratios, which is the number of cancer cases among patients with herpes zoster divided by the expected number of cases. We calculated the expected number by multiplying the national incidence rate of cancer according to sex, age (in 5-yr intervals) and calendar year (each yr) by the corresponding stratumspecific person-time accrued in the cohort. The data for national incidence rates of cancer were obtained from the Taiwan Cancer Registry. The 95% confidence intervals (CIs) for the standardized incidence ratios were estimated under the assumption that the observed number of cancer cases followed a Poisson probability distribution. We determined the standardized incidence ratios for the subgroups according to age, sex and years of follow-up. We defined statistical significance as p < 0.05.
Results
Study population
We included 35 871 patients with newly diagnosed herpes zoster in the study. Patients were between 20 and 101 years, and the median age was 52 years. Patient demographic and comorbidity data are shown in 
Risk of cancer
During the observation period of 140 905.83 person-years, 1151 patients were lost to followup, 938 patients died, and 895 cancers were identified after the diagnosis of herpes zoster. There was no increased risk of cancer among patients with herpes zoster compared with the general population (standardized incidence ratio 0.99, 95% CI 0.93-1.06). Among the subgroups stratified by sex, age and years of follow-up, there was also no increased risk of cancer (Table 2) . There was no increased risk of most types of cancer, including skin cancer (standardized incidence ratio 1.08, 95% CI 0.66-1.66) ( Table 3) . There was an increased risk of multiple myeloma (standardized incidence ratio 2.03, 95% CI 1.01-3.63) and bone and soft-tissue cancer (standardized incidence ratio 2.03, 95% CI 1.11-3.41). Further subgroup analysis of multiple myeloma and bone and soft-tissue cancer is shown in Table 4 and Table 5 . The increased risk of multiple myeloma was not observed among men. Women (standardized incidence ratio 2.97, 95% CI 1.19-6.12) aged 60-79 years (standardized incidence ratio 3.31, 95% CI 1.07-7.71) and followed for 1-5 years after herpes zoster diag- nosis (standardized incidence ratio 3.54, 95% CI 1.15-8.26) had an increased risk of multiple myeloma. The increased risks of bone and softtissue cancer were observed only among men followed within the first year after diagnosis of herpes zoster (standardized incidence ratio 5.77, 95% CI 1.87-13.46).
Interpretation
We found no overall increased risk of cancer among patients with herpes zoster compared with the general population, regardless of sex, age or years of follow-up. We found an increased risk of only multiple myeloma and bone and soft-tissue cancer among these patients. However, we should acknowledge that multiple testing may somewhat account for the apparent associations in these subgroups.
In published cohort studies there are no consistent data to indicate whether herpes zoster increases the risk of cancer. In 1982, Ragozzino and colleagues 9 published the first populationbased cohort study to evaluate the risk of cancer after diagnosis of herpes zoster. They followed 590 people in Minnesota for 9389 person-years after diagnosis of herpes zoster and found that the overall relative risk of cancer was insignificant (relative risk 1.1, 95% CI 0.9-1.3). They did, however, report an increased risk of colon and bladder cancer among women, but no increased risk of hematologic malignancy.
Sørensen and colleagues 11 examined the data for 10 588 patients admitted to hospital between 1977 and 1996 because of herpes zoster for subsequent risk of cancer. The relative risk of all types of cancer was 1.3 in the first year (95% CI 1.1-1.5), but the relative risk of hematologic cancer in the first year was 3.4 (95% CI 2.3-4.9). Buntinx and colleagues 10 examined the emergence of subsequent cancer in patients (311 000 patient-years) with and without herpes zoster in Belgium from 1994 to 2000. They found that, after adjustment for age and sex, there was a significant increase in cancer among women aged 65 or more years. Both of the studies focused on specific groups instead of the general population.
Our findings are compatible with those from a study published in 1982, 9 but differ from 2 more recent studies. 10, 11 It is possible that the differences in findings are because of the more advanced diagnostic tools now available for the detection of occult malignancy. Our data are from a time (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) when advances in diagnostic technology enabled earlier and more reliable detection of cancer than in previous studies; however, we did not find an increased overall risk of cancer among patients with herpes zoster. In contrast to the previous studies conducted in western countries, almost all residents in Taiwan are of Han Chinese ethnic background. The genetic susceptibility to or geographic differences in the incidence cancer may explain the heterogeneous findings among these studies.
In contrast to previous studies, our study included data about comorbidities among patients with herpes zoster. Associated chronic systemic diseases, including diabetes mellitus, chronic obstructive lung disease, autoimmune disease, congestive heart failure and cerebrovascular disease were consistent with previous epidemiologic studies conducted in Taiwan. 1 Previous investigations that have focused on cancer risk among patients with herpes zoster have not provided such information. [9] [10] [11] Diabetes mellitus 20 and autoimmune disease 21, 22 have been reported to be risk factors for cancer. The immune-related comorbidity suggests a more impaired immune system, which may lead to a higher risk of subsequent cancer in patients with herpes zoster. A recent study conducted by Ho and colleagues 13 in Taiwan found that the risk of cancer was increased after herpes zoster ophthalmicus. However, they did not provide comorbidity data in either the study or comparison groups, and they did not adjust for comorbidity. In our study, we found that, even among patients with immune-related comorbidity, the risk of cancer was not increased.
Strengths and limitations
The strengths of our study included its large nationwide population-based sample, the availability of data for patients with a wide range of demographic characteristics, and complete histories of the use of medical services for the included patients. The patients with herpes zoster received their diagnosis either in inpatient or outpatient clinics, which lessened the chance of selection bias arising from including only the most severely affected patients. The study population was well defined and followup was complete because our design relied on computerized registries with complete nationwide coverage. Therefore, our finding of no increased incidence of cancer among patients with herpes zoster is robust.
Several potential limitations should be noted. First, several risk factors for cancer, such as lifestyle, obesity, smoking, alcohol use and family history of cancer could not be assessed in our study. Second, the maximum length of follow-up in our cohort was 9 years (2000-2008); whether longer follow-up is required for the detection of some cancers among patients with herpes zoster requires further research. Finally, misclassification of diseases may occur when an administrative database is used. To minimize this issue, we identified cancer diagnoses using records from the Catastrophic Illness Patient Database, in which only patients with definite diagnoses were included. Herpes zoster is relatively straightforward to diagnose, and the validity of the coding for herpes zoster in administrative data is good.
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Conclusion
This population-based study shows that herpes zoster does not increase the overall risk of cancer in the general population. Among the subgroups stratified by sex, age and years of follow-up, there was no increased overall risk of cancer. These findings suggest that the extensive investigations for occult cancer at the time of diagnosis of herpes zoster or enhanced surveillance for cancer after such a diagnosis is unnecessary.
